TEMPERATURE AND LEVEL DENSITY PARAMETER OF EVAPORATION RESIDUES

<jpa-00225810>
Since the observation o f the disappearance /l/ o f binary fusion-fission events i n hot nuclei the properties /2/ o f hot nuclear matter have obtained a renewed i n t e -,rest. I n t h i s contribution we t r y t o determine the level density parameter a at high excitation energy. I n order t o do t h i s we measure d i r e c t l y the temperature T o f an eqyilibrated fused system and compare t h i s temperature employing the r e l a t i o n E* = aT + Bn with the thermal excitation energy E* deduced from other observables. Nucl e i can be heated i n heavy-ion c o l l i s i o n s t o high temperatures, however, with increasing bombarding energy an increasing number o f p r e e q u i l i b r i m (PE) l i g h t -p a r t i cl e s are emitfed p r i o r t o the attainment o f thermal equilibrium. Thus i n order t o study the s t a t i s t i c a l properties o f hot nuclei, it i s necessary t o exploit observabl e s that measure ( i ) the transfer o f linear momentum as a measure of dissipated k inetic energy, ( i i ) the excitation energy and l i n e a r momentum carried away by PElight-particles, and ( i i i ) the equilibrium temperature of a nuclear system. I 1 -EXPERIMENTAL METHOD AND RESULT trons were me ured i n coincidence with evaporation residues (ER) i n the reaction "' H0 + 600 R V ' i e . The ER were detected with two AE-AE s o l i d state detector telescopes positioned at k 5. 3O 27 cm from the target. The ER were separated from other heavy fragments by means o f the measured time-of-flight and energy. Neutrons were detected by 9 NE213 s c i n t i l l a t o r s with dimensions 5 cm X 10 cm (thickness X diameter) which were positioned outside o f a 2 rnn thick scattering chamber 175-125 cm Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1986444 from the target a t angles between l @ and 1 5 9 . I n f r o n t o f each n-detector a 2 mm t h i n NE102 s c i n t i l l a t o r was positioned i n order t o detect high energy charged part i c l e s . The time resolution o f a l l detectors was mainly given by the beam structure o f the SARA-cyclotron a t Grenoble and was t y p i c a l l y 2.5 ns.
I n f i g u r e 1 neutron energy spectra are shown i n coincidence with E R having velocit i e s between 0.68 and 1.0 cmlns corresponding t o a l i n e a r momentum t r a n s f e r (LMT) o f 89 %. Two components can be seen, a low-and a high-energy p a r t corresponding t o evaporation and PE-emission o f neutrons. These spectra have been f i t t e d with a l e a s t square fit method assuming two sources I 3 1 moving with d i f f e r e n t . v e 1 o c i t i e s t o @ and emitting i n each res't frame i s o t r o p i c a l l y . The spectra? shape i s assumed t o be &exp (-EIT). For the low energy component the v e l o c i t y was set t o the measured vel o c i t y of ER corrected f o r energy loss i n the 500 pm/cm Ho-target. For the high energy component the source v e l o c i t y was used as parameter. Temperature and m u l t i p l ic i t y was determined i n both cases from the least square fit. The dotted and dashed l i n e i n f i g u r e 1 are the r e s u l t o f such a fit f o r the evaporative and PE component, the s o l i d l i n e i s the sum of both contributions. For the PE component the neutron energy spectra at a l l angles between l@ and 1590 were used whereas f o r the evapor a t i v e component only the angles between 101° and 1 5 9 were used since at these angles the contribution from PE neutrons i s s u f f i c i e n t l y small so t h a t the deduced temperature o f t h e low energy component i s not effected by PE neutrons. The deduced parameters from the fit are shown i n f i g u r e 2 as a function o f ER-velocity f o r the evaporative component. W e associate with the deduced temperature o f the low energy component the mean nuclear temperature averaged over the n-cascade a f t e r a thermal equi l i brium has been reached. The temperature and the associated n-mu1 t i p 1 i c i t y i s increasing with LMT up t o <Tn>= 3.76 + 0.13 MeV and <M > = 16.8 k 1.0 neutrons.
The temperature Tn of the f i r s t neutron can be calulcated by Tn= (12/11) . <Tn> = 4.1 + 0.14 MeV.
For the PE component the m u l t i p l i c i t y i s approximately constant 2.5 t o 3.2 neutrons whereas the v e l o c i t y o f the hot moving source i s decreasing from 0.66 t o 0.49 times t h e beam v e l o c i t y whereas the temperature parameter T p~ i s increasing with increasing LMT. Using the deduced v e l o c i t y V~E and m u l t i p l i c i t y w p~ we find that the l i n e a r momentum given by VpE MPE corresponds t o 17%, 31% and 65% o f the missing LMT t o the E R a t LMT o f 51%, .70%, and 89%, respectively. Since we f u r t h e rmore f i n d t h a t about h a l f as many PE protons as neutrons are emitted f o r the highest LMT, the complete missing LMT has been found f o r the highest LMT i n PE nucleon emission. For smaller LMT other not measured processes f o r instance emission o f ap a r t i c l e s o r other heavy fragments are contributing. This can also be seen from f i g . 3 where the integrated y i e l d f o r low energetic neutrons between 5.5 and 17.5 MeV i s shown f o r a l l three LMT. Only f o r the highest LMT o f 89% it i s possible t o describe the n-yield also at forward angles by using the parameters obtained a t backward angles (101-1593). For the low LMT a t forward angles there i s additional n-yield which i s not consistent with the assumption o f i s o t r o p i c emission i n a rest-frame moving with the v e l o c i t y o f detected ER. I n summary, from these findings we conclude that only f o r the highest LMT o f 89%, the measured quantities are comp l e t e i n order t o explain the f u l l missing l i n e a r momentum by PE-light-particleemission. Thus we assume t h a t we can deduced from the measured data also the mean e x c i t a t i o n energy <EpE> = I.5*MpE=(B + 1.5-TpE) carried away by the PE l i g h tp a r t i c l e s i n addition t o the mean l i n e a r momentum M~E -VPE taken away by these p a r t i c l e s ; B i s the neutron o r proton binding energy plus Coulomb barrier. W e can calculate t h e e x c i t a t i o n energy o f the E R a f t e r attainment o f thermal equilibrium:
where m~, EP, Vp, Qgg, <Erot>, and c i s the mass o f the target, energy per nucleon and v e l o c i t y o f the p r o j e c t i l e , ground stage Q-value, r o t a t i o n a l energy, and speed o f l i g h t . Employing the r e l a t i o n E* -B = aT we determined the l e v e l density parameter a t o be (17.2 * 2.5) MeV f o r a compound nucleus o f mass AcN = 180, at a temperature of 4.1 2 0.14 MeV. The given e r r o r includes only the e r r o r on T, , , 
